INTRODUCTION
============

The regenerative potential of various types of adult stem cells are well known ([@B1], [@B2]). A new type of adult stem cells within fat tissue was identified at the end of the 20th century, when several plastic surgeons first discovered the existence of multilineage stromal cells within fat tissue ([@B3], [@B4], [@B5], [@B6]). Since their discovery, these cells have been referred to by several different names such as adipose-derived stem cells, adipose-derived stromal cells (ADSCs), and adipose stem cells (ASCs). The discovery of ASCs, imparts regenerative medicine with the potential to overcome critical impediments to actual clinical cell therapy applications. ASCs not only have characteristics similar to those of adult stem cells, but also possess two distinct advantages over bone marrow stem cells (BMSCs). Specifically, ASCs are easily harvested by liposuction under local anesthesia without leaving a conspicuous scar and repeated harvesting, if necessary, is not problematic. Additionally, a large number of cells can be acquired from any type of fat tissue from the body. Therefore, cell culturing may not be necessary to acquire a therapeutic amount of cells. Owing to these two advantages, stem cell therapy can be applied under several limited clinical situations. The International Federation for Adipose Therapeutics and Science (IFATS), which was established in 2003, has played a major role in the propagation of this new field of science throughout the world during last decade.

Plastic surgeons in Korea and Japan have played a leading role in pioneering the use of ASCs because government regulations in these countries are less strict than those in Western nations, enabling primary ASCs to be more liberally applied for clinical treatment ([@B7], [@B8], [@B9], [@B10], [@B11]). Early reports of the clinical application of ASCs have been presented at international meetings, including the IFATS. For example, Yoshimura group ([@B9], [@B10], [@B11], [@B12]) developed cell-assisted lipotransfer (CAL) and put forth theory of early cell death and fat regeneration describing the fate of graft.

In this review, current clinical applications of ASCs are introduced, including the use of these cells for fat grafts, management of difficult wounds, regeneration of local soft tissue defects, recovery from acute tissue ischemia of vascular origin, and scar management. These clinical applications are all based on primary ASCs rather than cultured cells. In most countries, the use of cultured stem cells for clinical purposes is currently strictly regulated. Although government regulations are necessary to ensure patient safety, they should still allow reasonable promotion of stem cell research and clinical studies.

A NEW METHOD OF FAT GRAFTING: CELL-ASSISTED LIPOTRANSFER
========================================================

ASCs play an important role in fat graft survival. The increased survival of aspirated fat in response to the addition of ASCs in a process known as cell-assisted lipotransfer has been reported ([@B9]). An in vivo study by Eto et al. ([@B12]) showed that most adipocytes in the graft begin to die on day one and that only some of the adipocytes located within 300 µm of the tissue edge survive. Inside this region of survival, a small area of regeneration exists in which all adipocytes die and only ASCs survive. This is convincing evidence of the importance of ASCs in fat tissue survival after grafting. ASCs have also been shown to promote neoangiogenesis during the acute phase of fat transplantation and form microtubules within 24 hr of ischemia, while capillary networks are rapidly established within 3 days ([@B7], [@B9]).

Although there are still some questions regarding the effectiveness of CAL for clinical fat grafting, it is generally accepted by plastic surgeons that the risk of fat necrosis can be reduced and that fat graft survival is improved by using the CAL technique. This type of cell-enriched lipotransfer has become popular in East Asian countries such as Korea and Japan. Reports of effective clinical application of CAL for cosmetic facial soft tissue volume replacement and reconstruction of defects from facial lipoatrophy have been published ([@B8], [@B11], [@B13]). Additionally, large volume fat transfer for breast augmentation, in which improved graft survival is essential, has been reported ([@B10]).

Platelet-rich plasma (PRP), which contains valuable cytokines, has become popular for use in various orthopedic surgical procedures to treat different conditions including osteoarthritis ([@B14], [@B15]). The positive effects of PRP on fat grafts have been reported along with synergistic effects of ASCs and PRP that improve fat graft survival ([@B16], [@B17]).

APPLICATION OF ASCS FOR TISSUE REPAIR AND REGENERATION
======================================================

Diabetic ulcers and chronic radiation ulcers are notorious for their recurrence or failure to heal. These lesions do not improve over time and tend to become worse. Extensive reconstructive surgery may be necessary to treat even small defects because of the diffuse ischemia surrounding the lesion, and it may not be successful in these individuals due to patient debilitation or poor local regeneration capabilities.

Several types of conventional reconstructive surgery have been introduced for patients with chronic non-healing cutaneous lesions ([@B18], [@B19], [@B20]). Presently, cell therapy using ASCs may be a good alternative technique because it is less invasive than reconstructive surgery and the cells can be directly applied to target areas in cutaneous lesions ([@B21]). An adequate amount of ASCs can easily be harvested by liposuction and fat tissue digestion. Administration of cells to the defect may reinforce local regeneration capabilities that have been exhausted during the course of prolonged diseases.

A single session of cell therapy may be effective but the outcome depends on the size, depth, and type of defect. When the defect is very large or relatively deep, successful tissue regeneration may be accomplished by repeated cell therapy or by tissue engineering using adequate scaffold materials and cells. Allogeneic dermis or a collagen sponge may be used as a scaffold for regeneration of soft tissue underneath the skin. The scaffolds must be immersed in a cell suspension so that the cells can infiltrate the material. Adequate debridement of the wound is also essential before placing the scaffold material.

When the defect is flat and large, a type of artificial dermis (Terudermis®) containing a thin silicone membrane over collagen sponge may be an excellent choice since the silicone surface layer can be sutured to adjacent skin as a protective surface. The advantage of this type of tissue engineering is the ease of repeating the procedure during the course of regeneration. The thin silicone cover easily peels off after 10-14 days and another cell-treated artificial dermis can be applied over the previous one. At 2 weeks after the application, vascular ingrowth appears and a thin skin graft may be placed on the newly engineered vascular bed ([Fig. 1](#F1){ref-type="fig"}). This type of cell-based therapy may be a good treatment option for small traumatic defects or skin cancers to avoid reconstructive surgeries using local flaps ([@B22], [@B23], [@B24]). When defects are deep with a small surface, the inner cavity may be filled with an ASC-impregnated dermis and covered with a piece of cell-treated Terudermis®. A small opening less than 10 mm in diameter usually re-epithelializes within 3 weeks when this technique is applied.

SALVAGE OF IMPENDING SKIN NECROSIS: RECOVERY OF TISSUE ISCHEMIA
===============================================================

The use of hyaluronic acid (HA) and other types of filler has become popular worldwide for improvement of facial soft tissue contours, nose augmentation, and to reduce fine wrinkles on the face. Consequently, there are an increasing number of reports of complications associated with filler injection ([@B25], [@B26], [@B27]). Inadvertent arterial injection of HA filler results in arterial obstruction and local tissue ischemia. Involved areas are characterized by pale skin with central brownish spots and intense pain. If the ischemia is not relieved within 5 days, skin necrosis becomes obvious with the formation of eschar. The glabella and nasal ala are particularly vulnerable to tissue necrosis following filler injection ([@B27]).

A previous report showed that subcutaneous injection of hyaluronidase within 24 hr may reduce the area of skin necrosis in cases of impending skin necrosis after HA filler injection ([@B28]). Another case report demonstrated that treating this condition with ASCs harvested from autologous fat tissue produces satisfactory results with minimal scar formation ([@B25]). In Korea, HA filler-related complications are common and ASCs are widely used to manage this problem. Unlike hyaluronidase treatment, the use of ASCs is very effective at recovering ischemia until 4-5 days after the onset of complications and can reduce the area of necrosis even 7 days after the onset ([Fig. 2](#F2){ref-type="fig"}). Subcutaneous injection of millions of ASCs harvested from 20-50 mL of fat tissue can rapidly relieve local ischemia and pain by promoting neoangiogenesis ([Fig. 3](#F3){ref-type="fig"}). The cells may be suspended in 1-2 mL of saline or PRP before subcutaneous injection. Injection should be conducted as soon as possible after the cells are mixed with PRP because the ASC-PRP mixture may easily clot before delivery.

MANAGEMENT OF SCARS WITH ASCS: SCAR REMODELING AND EARLY MATURATION
===================================================================

Scarring is a form of incomplete healing that leaves some degree of deformation and/or defect in animals and humans. Regeneration is another form of healing that does not leave any visible scar or defect in animals such as rodents or amphibians. A well-known example of tissue regeneration occurs in broken tails of lizards. Incomplete healing of defects in humans is related to a less effective system of adult stem cells. Important elements of coordinated cell mobilization, targeting, and functioning of adult stem cells during the healing process appear to be defective in humans ([@B29], [@B30]).

With the discovery of ASCs, it has become very easy to introduce large numbers of adult stem cells to the injured target area using a type of stem cell therapy. Since primary ASCs are so easily harvested from fat tissue, cell-based therapy can be repeated without cell culturing which is a great barrier against active clinical application. Although the exact number is not known, providing a massive amount of adult stem cells may change the course of the human healing process toward a more complete form that resembles scarless regeneration when the environment is ready. In Korea, this type of ASC-based therapy to modulate scar formation has become more popular ([@B31], [@B32]). For application, large amounts of primary ASCs are repeatedly injected into the firm scarred tissue bed to speed up the scar remodeling process. This treatment causes the scar become very soft within several months, at which time early secondary surgery may be possible. The appearance of abundant ASCs within the scar tissue bed may alter the scar remodeling process. Another type of ASC-based cell therapy is delivery of cells for the prevention of scarring from the beginning of wound healing in patients with severe facial trauma. Although no scientific data have been published, clinical result of ASC-based therapy for treatment of facial lacerations has been presented in scientific meetings of the Korean Society of Plastic Surgeons ([@B31]).

BANKING OF ASCS: PRESERVATION OF CELLS FOR FUTURE USE
=====================================================

There are several companies that provide cell banking services in Korea. This is in part because there have been many reports of adult stem cells from elderly patients being less effective than those from younger people ([@B33], [@B34]). For banking, customers\' cells are safely collected, tested, and cryopreserved in a good manufacturing practice (GMP)-grade facility for the future use of adult stem cells at older age. These cells will likely play an important role in the treatment of diseases and regeneration of damaged tissue.

DISCUSSION
==========

Since publication of the first paper on ASCs in 2000 ([@B1]), there has been a tremendous amount of investment and basic research devoted to this new type of adult stem cell. According to many scientific reports published during the last decade, ASCs can differentiate into osteoblasts, chondrocytes, vascular endothelial cells, cardiomyocytes, and neuronal cells ([@B3], [@B4], [@B5], [@B6]). More than 10 yr of animal experiments using comparative studies with BMSCs have produced evidence of the regeneration potential of ASCs. The major role of regenerative medicine in this century is based on cell therapy in which ASCs are going to play a primary role.

Efforts to integrate ASCs into clinical techniques and business investment ventures followed demonstration of their effectiveness in animal studies. Several types of machines designed to recover stromal vascular fraction (SVF) cells from suction fat tissue have also been developed and are now commercially available ([@B35], [@B36]). Cell recovery rates determined based on the SVF cells vary greatly among machines; however, they are generally much lower than those of manual recovery techniques.

Collagenase is a key element in effective recovery of cells from fat tissue by enzymatic digestion in a process known as adipo-dissociation. This enzyme is also a hurdle to more active clinical application of ASCs because it can be a potential harmful element in cell suspensions after adipo-dissociation. The FDA strictly prohibits the use of unapproved collagenase in clinical purposes. Indeed, Xiaflex (Pfizer Inc., New York, USA), which is a FDA-approved collagenase for the treatment of Dupuytren contracture ([@B37]), is the only collagenase that can be lawfully used to harvest SVF cells in clinical applications; however, its current price is so high that its use is not yet practical.

Plastic surgeons in Korea and Japan have played a leading role in clinical translation of ASCs because government regulations in these countries are less strict than those in Western nations. Clinical application of primary ASCs as a form of SVF cells has become increasingly popular in East Asian countries ([@B7], [@B8], [@B9], [@B10], [@B11]). SVF cells have been used in a limited number of clinical techniques such as fat grafting, wound care, control of local ischemia, and scar remodeling. The positive results of clinical application of ASCs in plastic surgery have led more doctors to engage in ASC-based therapy. However, further scientific clinical research is needed to define a therapeutic dose of cells for each indication and a safe and effective route of cell administration while avoiding potential complications of ASC-based therapy. In plastic surgery, many potential candidate conditions for ASC-based therapy are associated with the skin surface or the area immediately underneath the skin surface, which enables easy and effective application of cells to the target. This may be a reason for the more active clinical application of ASCs in plastic surgery relative to other fields of clinical medicine.

The use of reconstruction ladder, which is representing the logical and reasonable approach for decision of methods of tissue reconstruction, is losing its foundation and should be revised. Currently, defects are reconstructed based on a new concept of plastic and regenerative surgery. For small defects, application of stem cells should be attempted before other surgical reconstruction techniques are performed. Tissue engineering method utilizing scaffolds should be considered for more challenging and larger defects. Relatively large defects may be treated with ASC-based cell therapy and tissue engineering to avoid further donor deformities. At present, few plastic surgeons are using ASCs for tissue repair and regeneration; however, more will likely participate in identification of new methods of clinical applications for ASCs and contribute to the development of regenerative medicine.

The distal portion of skin flaps are frequently compromised by inadequate blood flow. Many of the compromised flaps recover spontaneously, but flap failure is problematic in aesthetic surgery, especially in facial areas. Historically, plastic surgery has been intimately related with flap circulation and salvage of ischemic flaps has been a great topic for plastic surgeons ([@B38], [@B39]). Surgical delay before flap transfer is well-known to increase distal skin flap circulation and overall flap survival ([@B40], [@B41]). Several pharmacologic agents such as steroids and dextran have reported to improve flap circulation, but their effects in actual flap salvage may be limited ([@B42], [@B43]). It is now possible to utilize the angiogenic potency of ASCs as a potent support to improve blood flow of local skin flaps. Angiogenic differentiation of ASCs is reportedly initiated under ischemic conditions ([@B7]), and cells differentiate into micro-vessels within flap tissue, where oxygen tension is relatively low compared with normal tissue. In flap surgery, ASCs may be applied during flap elevation, and cells may be used alone as a cell suspension in a small amount of normal saline or cells may be mixed with a small amount of PRP.

Although we still do not understand the mechanism of mobilization and targeting of adult stem cells in humans, it is currently possible to apply a therapeutic number of cells directly into a target wound, which may result in improved healing. Accordingly, ASC-based cell therapy for scar improvement is becoming increasingly popular in the aesthetic surgery market within Korea. In the near future, ASC-based cell therapy will be a new therapeutic option for simple laceration wound management to enable complete healing without any scar formation.

Banking of ASCs or SVF cells is a new business in Korea; however, we still do not know how they will be utilized after decades of storage. Government regulation of cell preservatives used for cryopreservation of cells may also become an issue in the future. Di-methyl sulfoxide (DMSO) is the most commonly used cryopreservative; however, there has been a report of DMSO toxicity at concentrations below 10% ([@B44]). Recently in Korea, controlled clinical trials evaluating the use of cultured ASCs to treat major diseases were conducted under the surveillance of the Korean Ministry of Food and Drug Safety. Cell culturing, cell banking, and manipulation of cells will increase the effectiveness and feasibility of stem cell therapy. However, there is a risk of contamination or cell deterioration during these processes. Therefore, the Korean government strictly requires GMP-grade facilities for the clinical application of cultured cells.

In conclusion, the future of ASC-based cell therapy is wide open. The therapeutic potential of ASCs has been tested during the last decade and they have been effectively utilized in the field of plastic surgery. However, ASCs are not only useful for plastic surgery, but for all fields of regenerative medicine. Currently, the main obstacle inhibiting the progression of stem cell technology seems to be government regulation. Accordingly, government should try to find a way to promote new scientific endeavors while serving as regulatory entities to ensure the safety of their citizens.
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![Management of a chronic diabetic ulcer on the knee area using adipose stem cell-based therapy and a collagen sponge. (**A**) Chronic open wound on the knee area with exposure of the patella bone (before treatment). (**B**) Adequate size of artificial dermis (Terudermis®) is submerged in cell suspension. (**C**) Debridement of wound and application of ASC-seeded artificial dermis is placed on the defect and sutured to the adjacent wound margin. (**D**) Vascular tissue ingrowth is noted after 2 weeks. (**E**) After removal of the silicone layer of the artificial dermis, a thin split thickness skin graft is placed on the engineered vascular bed. (**F**) Two weeks after skin graft placement.](jkms-29-462-g001){#F1}

![ASC-based cell therapy for a case of acute skin necrosis in the nose dorsum due to inadvertent arterial injection of hyaluronic acid (HA) filler. (**A**) Before stem cell therapy (seven days after HA filler injection). (**B**) Three weeks after stem cell therapy.](jkms-29-462-g002){#F2}

![Adipose stem cells (ASCs) differentiate into microtubules to form capillaries under ischemic conditions.Under ischemic conditions, differentiation of ASCs into micro-vessels is noted at 24 hr. Typical microtubules are formed (×400 magnification).](jkms-29-462-g003){#F3}
